Abstract
here has been growing concern among Australian medical professionals about the increase in prescribing of opioid analgesic preparations (particularly morphine and oxycodone) over the past decade. Australia's consumption of opioid analgesics is ranked 10th internationally; North America ranks first. Per capita consumption of oxycodone and morphine preparations in Australia is relatively high (ranked third and fifth respectively, internationally); Canada ranks first for oxyc o do ne a n d A u st ri a f i rst f o r morphine. 1 Consumption levels in Australia are still well below the topranking countries. Previous research i n A us tra li a ha s d oc u m e nt e d increases in the number of prescriptions for morphine in the late 1990s 2, 3 and, more recently, increases in consumption of oxycodone. 4 Morphine and oxycodone have legitimate and important treatment indications in the management of pain. Access to effective pain management is an important human right, and pain, both acute and chronic, imposes a major public health burden internationally. 5 Morphine (and codeine) are listed by the World Health Organization as drugs of choice for treating chronic and severe cancer pain. 6 Opioid analgesics are also widely used for pain not related to cancer. 7 However, there are as yet no overarching international guidelines about prescribing these drugs in broader pain management presentations. 8 One of the chief concerns about the increased availability of opioid medications is the potential for a concomitant increase in non-medical use (in this article, this term refers to use of substances without prescription) and diversion (buying, selling or passing on drugs, outside of prescribed use). Non-medical use and diversion are complex behaviours, and may occur among different groups of consumers, including patients with chronic nonmalignant pain, patients with cancer pain and illicit drug users. 7, 9 There is clear evidence of the harms related to non-medical use of prescription opioids, including overdose, injection-related harms and dependence. 10 Data from the United States Food and Drug Administration Adverse Event Reporting System shows that oxycodone contributed to the largest number (5548) of all drugrelated deaths in North America during the period 1998 to 2005 (morphine ranked fourth, contributing to 1616 deaths). 11 In another study investigating North American accidental pharmaceutical overdose deaths, non-medical use of pharmaceuticals was involved in 63%. Doctor shopping (where five or more health professionals were consulted) was evident in 21% of deaths. 12 In this article, we provide an update to trends in prescribing opioid analgesics, focusing particularly on morphine and oxycodone, given that these are the predominant products on the market. We also present data on presentations for treatment for problems related to oxycodone and morphine, and hospital presentations for opioid overdose (excluding heroin). Finally, for the first time in Australia, we present an analysis of oxycodone-related mortality at a national level.
Methods Prescription data
Morphine and oxycodone prescription data (2002) (2003) (2004) (2005) (2006) (2007) (2008) were obtained from the Drug Utilisation Sub-Committee of the Pharmaceutical Benefits Advisory Committee.
Numbers of morphine prescriptions for oral preparations, by year, were collected for: 10mg, 20mg and 30 mg immediate-release tablets; T Objective: To document trends in: (i) prescribing of morphine and oxycodone; (ii) hospital separations for overdose; (iii) presentations for treatment of problems associated with these drugs; and (iv) oxycodone-related mortality data in Australia.
Design and setting: Cross-sectional study analysing prescriptions for morphine and oxycodone based on figures adjusted using Australian Bureau of Statistics estimated resident population and prospectively collected data from: (i) the National Hospital Morbidity Database on hospital separations primarily attributed to poisoning with opioids other than heroin ("other opioids"); (ii) the Alcohol and Other Drug Treatment National Minimum Data Set for treatment episodes where morphine or oxycodone were the primary or other drugs of concern; (iii) the National Coronial Information System on deaths where oxycodone was the underlying cause of death or a contributory factor.
Main outcome measures: Population-adjusted numbers of (i) prescriptions for morphine and oxycodone by 10-year age group, (ii) hospital separations for "other opioid" poisoning, and (iii) treatment episodes related to morphine or oxycodone; and (iv) number of oxycodone-related deaths. 
Conclusions:
Oxycodone prescriptions in Australia have increased, particularly among older Australians. The increase may, in part, reflect appropriate prescribing for pain among an ageing population. However we are unable to differentiate non-medical use from appropriate prescribing from this data. In comparison to heroin, the morbidity and mortality associated with oxycodone is relatively low in Australia. There is a continued need for comprehensive training of general practitioners in assessing patients with chronic non-malignant pain and prescribing of opioids for these patients, to minimise the potential for harms associated with use of these medications. 5mg, 10 mg, 15mg, 30 mg, 60 mg, 100mg and 200mg controlled-release tablets; 30 mg, 60 mg, 90 mg and 120 mg controlled-release capsules; and 10mg, 20mg, 50mg and 100mg sustained-release capsules. Numbers of oxycodone prescriptions for oral preparations, by year, were collected for: 5mg tablets; 10mg, 20mg, 40mg and 80mg controlled-release tablets; and 5mg, 10mg and 20mg capsules. Results are presented per 1000 population, by 10-year age group.
Hospital separations
We present data from the National H o sp i t a l M or b i d i t y Da t a ba se (NHMD) for the financial years 1999-00 to 2007-08. These are coded according to the International classification of diseases and related health problems, 10th revision, clinical modification (ICD-10-CM). 13 We present hospital separations where the principal diagnosis was "other opioid" poisoning; this poisoning code includes morphine, oxycodone and codeine.
Treatment presentations
We present data from the Alcohol and Other Drug Treatment Services N a t i o n a l M i n i m u m D a t a S e t (AODTS-NMDS) for the financial years 2002-03 to 2007-08. Data represent the number of treatment episodes where morphine or oxycodone was the primary drug, or other drug, of concern, and relate to closed treatment episodes (which means some episodes may be excluded if the patient did not finish treatment within the given time frame).
Deaths
It is difficult to distinguish between deaths from heroin and from morphine because of the way that heroin is metabolised.
14 It is likely that many deaths recorded as morphine-related deaths may be heroin-related. Accordingly, we examined only oxycodonerelated deaths. The National Coronial Information System (NCIS) was searched for deaths where oxycodone toxicity or overdose was recorded as a direct or contributory cause of death (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) , and where oxycodone was found at fatal levels in the blood. Only closed cases, where the final cause of death had been determined by the coroner, were included.
The NCIS contains coronial files from all states and territories in Australia. Searches were conducted using the category "pharmaceutical substance for human use", and either leaving the descriptor field for these substances blank or specifying the subcategory as "analgesic, antipyretic, antirheumatic", and further specifying "oxycodone". Free text searches were also conducted on findings documents, which yielded some extra cases. Only deaths where oxycodone was mentioned were included in analyses.
We present numbers of oxycodone deaths, and adjusted numbers of oxycodone deaths per million defined daily doses of oral oxycodone preparations prescribed in that year. 15 
Data analysis
Analyses were conducted using PASW Statistics version 18.0 (SPSS Inc, Chicago, Ill, USA). Numbers of prescriptions per 1000 population were calculated using the Australian Bureau of Statistics (ABS) estimates of the population as at 30 June for each corresponding year. Trends in changes over time in prescriptions and dose formulations were analysed using ordinary least squares linear regression; all trends (except where noted) were strongly linear and, in all cases, findings concurred with non-parametric (Spearman) correlation techniques. Differences between injecting drug users (IDUs) and non-IDU decedents were analysed using t test, odds ratio and χ 2 analyses. In . Only 10% of these deaths were due to oxycodone toxicity alone. Multiple drug toxicity was more predominant (82% of deaths), with benzodiazepines and alcohol commonly implicated in these deaths. The remaining 8% were from other causes (eg, pneumonia or cardiac failure), with drug toxicity (including oxycodone toxicity) being a contributory cause (data not shown).
Median age at death related to oxycodone was 42 years (range, 15-86 years), with most deaths occurring among 40-49-year-olds (31%), followed by 30-39-year-olds (27%). A quarter of decedents (124; 27%) were IDUs. In half of the cases of oxycodone-related death (53%), it was recorded that oxycodone had been prescribed to the decedents, and half of the decedents (52%) had a history of a chronic medical condition and/or pain. About a quarter of oxycodonerelated deaths (27%) were recorded as suicides (Box 4). IDUs were significantly more likely than non-IDUs to be male (76% v 46%; OR, 1.7; 95% CI, 1.4-2.1), while non-IDUs were significantly older than IDUs (46.0 years v 37.5; t (351) = 7.3; P < 0.001), and significantly more likely than IDUs to have intentionally taken an overdose (35% v 6%; OR, 6.3; 95% CI, 3.0-13.1). Non-IDUs were also significantly more likely than IDUs to have been prescribed oxycodone at the time of their death (76% v 35%; OR, 4.5; 95% CI, 2.8-7.4) and to have a chronic medical condition (72% v 35%; OR, 3.5; 95% CI, 2.4-5.2).
Discussion
This is the first Australian report to document oxycodone-related mortality at a national level, and it provides important clarification of prescription trends. There is increasing concern in Australia that problems related to oxycodone seen in the United States might be emerging here. Although there are lessons to be learned from the US experience, the prescription, use and diversion of morphine and oxycodone occurs within a different context in Australia. Opioid analgesic deaths, among which oxycodone is prevalent, 11 now outnumber those for heroin and cocaine in the US. 17 It is important to consider these issues in Australia with reference to the local evidence base.
Overall, the rate of morphine prescribing in Australia has declined across most age groups, with prescriptions remaining most common for people aged over 80 years. In contrast, oxycodone prescribing has increased markedly, particularly among older Australians (those aged 60 years and over), who most commonly receive low-dose formulations. Higher dose formulations of both morphine and oxycodone constituted a minority of overall prescriptions, and were most common among 40-49-year-olds.
The recent increase in hospital separations for opioid poisoning in Australia is concerning, but we were unable to ascertain what proportion of this increase is attributable to oxycodone and morphine; or over-thecounter medications containing codeine. Treatment episodes for problematic use of morphine have remained relatively stable, while those for oxycodone have increased. However, numbers of treatment episodes still remain much lower than those for heroin (for which there were 15 571 in 2007-08). 18 Oxycodone-related deaths have increased in number over the past 7 years, and were most prominent among 40-49-year-olds. Most of these deaths occurred among people who were not IDUs, had a chronic medical condition, and had been prescribed oxycodone. A quarter of decedents were IDUs, and about a third of this group also had a chronic medical condition. Oxycodonerelated deaths overall remain lower in number than heroin-related deaths. 19 Once these deaths are adjusted for the quantity of oxycodone prescribed (per million defined daily doses), the trend shows relatively low mortality. The contribution of prescription morphine formulations to opioid mortality in Australia remains largely unknown.
Our findings have important implications for ongoing monitoring. Oxycodone prescriptions are clearly increasing in Australia, but the increase may be consistent with appropriate treatment of pain among older Australians. Developing a national real-time prescription system, accessible by medical practitioners and pharmacists, including diagnosis information, would provide important context in understanding the extent of prescription and use of pharmaceutical opioids while improving patient care. It may also reduce the potential for non-medical use and diversion of these drugs, 4 which has been found to be linked with increased rates of mortality in North America. 12, 20 Our findings have implications for treatment and policy responses aimed at minimising non-medical use and diversion of, and harms related to, opioid analgesics. As problems with the use of these drugs increase, making options for treating dependence more available is crucial, as is developing strategies to enhance the engagement of non-IDU populations in these services. 21 There is a continued need for comprehensive training of general practitioners in assessing and prescribing opioids for patients with chronic non-malignant pain, including ongoing monitoring and review of medication, particularly given the complexity of these patients' presentations. 7 Opioid prescribing should not be the first-line response to pain management, particularly given that long-term use of opioids may: (i) lower the threshold to pain; and (ii) be ineffective in targeting pain long-term. 22 Evidence suggests that there is a large psychological component to the experience of chronic pain, 23 and research investigating the efficacy of non-pharmacological interventions for pain management is needed. Given that a minority of oxycodonerelated deaths are occurring among IDUs, messages about the harms associated with these drugs need to reach a broader audience. Greater focus on policy monitoring, and on treatment responses among non-IDU populations, is therefore essential. Finally, given the prevalence of suicide among oxycodone-related deaths, these risks need to be considered by GPs during their evaluation of patients for prescription of opioid analgesics, and during ongoing patient monitoring.
Our findings lead us to make the following key recommendations:
• A national online prescription system should be developed and training and ongoing support should be provided for health practitioners in prescribing opioid analgesics, to reduce diversion.
• The efficacy of non-pharmacological responses to pain management should be investigated.
• GPs should monitor their patients' medication use and mental health issues to minimise the risk of intentional overdose among patients with chronic pain.
Our study has certain limitations that must be acknowledged. The N HMD doe s not dif fe re ntia te between morphine, oxycodone or codeine poisonings, and some case reports suggest that the increase in "other opioid" poisonings may be attributable to over-the-counter codeine preparations. 24 Systematic recording of the morbidity and mortality associated with codeine prepar a t i o n s w o u l d be p e r t i n e n t , particularly given that these are not regulated in Australia.
Further, the NCIS may yield an underestimate of deaths related to oxycodone, as implicated drugs may have been miscoded or misspelt. However, data administrators undertake quality assurance work regularly to minimise the impact of errors. We undertook a range of search strategies for this report in an effort to maximise the numbers of records returned.
In conclusion, the available data suggest that prescriptions for oxycodone are increasing in Australia, but these are predominantly for low-dose formulations, and for older patients. Part of the increase may reflect appropriate prescribing for pain. Oxycodone-related deaths in Australia do not appear to have reached proportions seen in the US. Access to effective pain relief is an important human right, which should not be overlooked in the debate about policy responses regarding the prescribing of these drugs in Australia.
